Interest in the non-economic impact of minimum wage laws have led to a growing literature examining how population health measures respond to state minimum wage increases in the US. These studies rely on the canonical two-way fixed effect estimator, which is an unreliable method to infer causal effects with spatially heterogeneous populations. In this paper, I study the impact of minimum wage differences across states and within-state ordinances on infant mortality rates. I isolate the causal effect of the minimum wage by employing a spatial regression discontinuity design using neighboring counties in different states that are contiguous to a common state border as local treatment and control populations. I find that a 10 percent increase in local cost-of-living adjusted minimum wage reduces infant mortality rates by 3.2 percent among lower-educated mothers-a group more likely affected by minimum wage changes. I find that reductions in infant mortality is concentrated in the post-neonatal period. I also demonstrate that the traditional empirical approach employed in this literature will produce lower estimates of the health impact of the minimum wage. My findings provide robust evidence that minimum wage increases are causally linked with improved infant health.
Introduction
Empirical research on the impact of minimum wage laws on population health have received scant attention compared to the extensive and more traditional minimum wage literature. (Leigh, 2016) Studies in this literature have predominantly focused on the employment and income effects of the minimum wage. (Allegretto et al., 2011; Card and Krueger, 1994; Dube et al., 2010; Neumark and Wascher, 1992, 2002; Neumark et al., 2004) Similarly, both proponents and opponents of minimum wage laws outside of academia confine debate within the same lines.
1 As political discussion around national and local proposals of a $15 dollar minimum wage intensify, it is necessary to understand the full scope of minimum wage increases.
Recent contributions in both the public health and economic literature have sparked a debate on the effects of minimum wage increases on population health. (Averett et al., 2016; Bullinger, 2017; Du and Leigh, 2018; Komro et al., 2016; Lenhart, 2016 Lenhart, , 2017 Reeves et al., 2017) While some studies have found empirical evidence to suggest that a minimum wage is associated with improvements in health, other studies have found the opposite (or have found no relationship between the two). (Adams et al., 2012; Cottie and Tefft, 2013; Hoke and Cottie, 2016; Horn et al., 2017; Kronenberg et al., 2017; Majid et al., 2016) Interests in studying the minimum wage as a potential public health policy tool is based on three factors. First, minimum wage laws have been shown to exhibit higher compliance rates than other labor market regulations. (Rani et al., 2013; Ye et al., 2015) Second, minimum wage increases have spillover effects on higher wage earners outside the scope of minimum wage mandates. (Egbom and Moser, 2017) Third, minimum wage changes are enacted through legislation and do not require administrated public health interventions. Therefore, the health impact of minimum wage increases, if beneficial, provide an effective and potentially cost-effective legislative channel for improving public health.
However, previous estimates of the minimum wage effects on health have ignored local time-varying heterogeneity and the presence of spatial correlation in health data. A review of identification strategies of minimum wage studies by Allegretto et al. (2013) argue for the use of control and treatment populations based on proximity as opposed to standard methods. Majority of the econometric models employed in the minimum wage and health literature have failed to account for such correlation or heterogeneous trends. In addition, little is known about the net impact of the minimum wage on population health. Consequently, new insights on the empirical relationship between the minimum wage and health can be gained with improved identification strategies.
In this paper, I add to this new and growing literature by studying the effect of minimum wage increases on infant health-specifically, infant mortality rates at the county level. I do this using a spatial regression discontinuity design (Spatial RD) that generalizes a local case study approach for the entire contiguous continental US based on the seminal work by Card and Krueger (1994) . I find that minimum wage increases are associated with declines in infant mortality rates among lower-educated mothers. My estimates show that the effect is concentrated in the post-neonatal period. I control for income, poverty, and a set of state-level welfare and tax policies and run multiple robustness checks of my estimates. I further compare my estimation results with those attained by standard methods and conduct a falsification test by examining the effect of minimum wage increases on infant mortality rates among college educated mothers. I find no evidence that minimum wage increases are associated with improved infant survival for this subgroup. To my knowledge, this is the first paper that estimates the minimum wage and health relationship using contiguous counties across state borders as local control populations and first to demonstrate the heterogeneous effect of the minimum wage on infant mortality by educational attainment of mothers. This paper proceeds as follows: Section 2 discusses the scientific plausibility connecting minimum wage increases and infant health within the context of the standard production of health model. section 3 reviews the minimum wage and health literature. Section 4 describes the datasets in detail and how I calculate my main regression variables. I then outline my identification strategy and construction of the county-pair sample in Section 5. Section 6 reports the results. Section 7 discusses limitations. Finally, section 8 concludes with a summary and provides some possible extensions.
Scientific Plausibility
Theoretical understanding of the relationship between minimum wage increases and health are not unambiguous within the economic literature. The Grossman demand for health model has become the dominant framework for investigating the relationship between income, wages and health. (Galama and Kippersluis, 2010; Grossman, 1972; Grossman, 2017; Jacobson, 2000; Bohlin et al., 2001,) In this framework, health is modeled as a stock variable that depreciates over time. Individuals can invest in their health stock by purchasing healthcare goods and services, or forgo income by investing in their health via rest and exercise. Additionally, wage increases raise the effective opportunity cost of missed work in the future through sick days as a result of adverse health behavior or low investment in health. (Du and Leigh, 2017) Consequently, the Grossman model predicts that wage increases will induce individuals to consume higher levels of healthcare services.
Empirical evidence supports the Grossman model for prenatal healthcare services. Mocan et al. (2015) examined the relationship between mother's weekly earnings with demand for prenatal care services, and timing of prenatal care. The authors found that among low-skilled mothers, increases in weekly earnings were associated with a rise in prenatal care visits and reduced average delay in initiating prenatal care. Inadequate prenatal care utilization has been associated with increased risk of prematurity and late neonatal death. (Patridge et al., 2012) It is plausible, therefore, that minimum wage increases are casually linked with improved health outcomes of newborns and decreases the likelihood of infant death through this channel. However, income effects may also reduce health investment through increases in unhealthy consumption, e.g. tobacco, alcohol, and foods that contributes to obesity. (Galama and Kippersluis, 2010; Link and Phelan, 2009 ) Prenatal smoking, alcohol consumption, and obesity have been linked to adverse birth characteristics and infant death in the perinatology literature. (Blair et al., 1996; Dietz et al., 2010; Djelantik et al., 2012, Fertig and Watson, 2009; Morgan et al., 2015) Estimating the effect of minimum wage increases may shed light on which of the above income channels will outweigh the other.
Furthermore, factors such as maternal stress, hypertension, access to adequate nutrition and others can have a significant and lasting impact on infant health and decrease the probability of infant survival. (Apter-Levy et al., 2013; Buchbinder et al. 2002; Cook et al., 2013; Dowd, 2007) Working conditions and low wages have been associated with these factors as well. (Leigh and Du, 2012; Leigh and De Vogli, 2016, Morris et al., 2000; Rusli et al., 2008) It has been shown that increases in the minimum wage in developing economies is correlated with better working conditions for certain industries. (Harrison and Scorse, 2006) It is plausible that minimum wage increases in the US may reduce infant mortality rates by increasing incomes and improving working conditions. How minimum wage increases affect working hours is an additional concern for the direction of the health impact. If adjustments in working hours outweigh wage increases with respect to income, the Grossman model would predict decreased consumption of healthcare services which would then adversely affect health. Little evidence exists for significant reductions in working hours after minimum wage increases. (Connolly and Gregory, 2002; Stewart and Swaffield, 2006; Zavodny, 2000) In fact, Connolly and Gregory (2002) found no impact of minimum wages changes on total working hours of low paid women. Even if significant adjustments are associated with minimum wage increases, reduced working hours may also improve health via increased rest and exercise as discussed earlier. Additionally, if work is a source of stress for employed mothers, then minimum wage increases could plausibly improve health outcomes even with modest reductions in hours or short-term unemployment of working mothers.
The minimum wage effect on infant health, whether positive or negative, may influence a broader population of newborns than those whose households are directly affected by the wage mandate. A growing number of studies have examined how minimum wage increases change the distribution of earnings for workers in general. (Autor et al., 2012; Dinardo et al., 1995; Engbom and Moser, 2017) These studies have confirmed upward spillover effects on higher earners after minimum wage increases. Work by Dinardo et al. and Engbom and Moser have shown that minimum wage increases explain a significant portion of decreased earnings inequality while others find modest effects at the tail end of the wage distribution. Inequality is an important and significant determinant of population health as demonstrated by a large volume of work in the economic and public health literature. (Adler and Newman, 2002; Kawachi and Kennedy, 1999; Lynch et al., 2000; Wagstaff and Doorslaer, 2000; Waitzman et al., 1999) This suggests that minimum wage increases may be casually linked with infant mortality through reductions in inequality.
It is plausible that minimum wage increases are linked with infant mortality rates through the channels described above. The direction and magnitude of that relationship, however, is not obvious.
Minimum Wage and Health Literature
At the national level, Lenhart (2016) studied the impact of the generosity of the minimum wage as measured by the Kaitz Index 2 in 24 OECD countries. He found that higher levels of the minimum wage is associated with declines in death rates from several causes including, diabetes-related mortality, deaths due to circulatory disease, diseases of the digestive system, stroke and heart attacks. He also found that a higher Kaitz index in a country was associated with increased life expectancy. Focusing on Infant health, Komro et al. (2016) studied the effects of state minimum wage changes on infant mortality and birthweight at the state level. The authors found that state minimum wages above the federal minimum level was associated with a mild decrease in incidence of low birthweight births and post-neonatal mortality. Similarly, a recent working paper by Wehby et al. (2016) found that minimum wage increases were associated with increased birthweights among lower-educated mothers, in addition to increased gestational length, and a decline in smoking during pregnancy.
Some studies have examined the relationship of the minimum wage and health indirectly using simulation models to conduct health impact assessments of wage increases. Bhatia and Katz (2001) and Cole et al. (2005) estimated the potential health impacts of proposed city living wage ordinances in Los Angeles and San Francisco, respectively. These authors relied predominantly upon published research on the relationship between income, poverty and health. Both found considerable evidence supporting hypothetical health gains from such wage mandates. A more recent simulation based study by Tsao et al. (2016) estimated the potential impact of raising the minimum wage to $15 per hour on premature mortality in New York City and found that if the minimum wage would have been $15 from 2008 through 2012, then 4 to 8 percent of premature deaths would have been averted. Some doubt has been raised on the study design and validity of such projected simulation based health impact assessments. (Mindell et al., 2005) The living wage and health relationship therefore requires direct statistical analysis that may produce more reliable estimates.
Moving beyond physical health outcomes, some researchers have examined wage mandates and their effect on psychological well-being. The first of these studies was Flint et al. (2013) in which the authors investigated the impact of the 2011 London Living Wage. Flint et al. conducted workplace interviews of workers being remunerated at a living wage level and compared them to other low-income workers.
3 After controlling for a large set of covariates, the authors found that the London living wage improved self-reported psychological well-being by 3.9 units on the Warwick-Edinburgh Mental Wellbeing Scale. 4 A more recent study, Reeves et al. (2016) estimated the mental health impact of the 1999 UK national minimum wage using longitudinal data from the British Household Panel Survey. Their analysis tied the introduction of the national minimum wage to significant reductions in depressive symptoms for workers who were affected by the wage increase. The importance of financial stress and hardship was highlighted as a potential factor in the health improvements observed in the Reeves et al. study. The authors found that workers in the intervention group reported experiencing less "current financial strain" compared to two control groups in the study.
Despite this, using a larger sample size and alternative control groups, Kronenberg et al. (2017) did not find a statistical association between the introduction of a national minimum wage and improvements in mental health.
Other studies have pointed to potential negative health consequences of minimum wage increases. Horn and colleagues (2017) found that increases in the minimum wage worsened self-reported health outcomes among men, and found mixed evidence for health improvements among women. Hoke and Cotti (2016) have shown that increases in the minimum wage is associated with increased alcohol consumption among teenagers. Similarly, Adams and colleagues (2012) concluded that increases in the minimum wage raises the incidence of alcohol related traffic accidents among younger adults. In addition, Cotti and Tefft (2013) suggest that raising the minimum wage increases the probability of obesity instead of promoting reductions in obesity rates as was previously found by Meltzer et al. (2011) . These negative associations between minimum wage and health introduce serious uncertainty on minimum wage increases as a health policy tool. The empirical relationship is yet unresolved and therefore further empirical work is needed to clarify this relationship.
Data Sources
I combine several data sources for my analysis. All variables are aggregated at the county level. I construct two samples. The first consists of all counties (AC) in the US, and the second consists of those counties that border a state line and can be paired with a contiguous county in the opposing state (contiguous county-pair (CCP) sample hereafter). The latter sample is used for my primary analysis. County boundaries of the CCP sample remained unchanged from 1995 to 2013. Therefore, our county-pairs remain consistent for the sample period. I now describe my datasets in detail.
Main Datasets
Infant mortality rates per 1,000 live births were calculated using data from the National Center for Health Statistics' (NCHS) Linked Birth/Infant Death Records for all counties provided through a data agreement with NCHS and the National Association for Public Health Statistics and Information Systems (NAPHSIS). This dataset contains birth and death records occurring within the US to residents and non-residents. I estimate county mortality rates using the Mother's county of residence reported on the birth certificate. Infant mortality rates were calculated by birth year and imputed conception year using date of birth and gestational age of the infant. The timing of the minimum wage treatment is captured for both birth and conception year mortality estimates. Komro et al. (2016) reported contemporaneous and lagged minimum wage effects on infant mortality to adjust for those births that occur at the beginning of the calendar year in which the prior year's minimum wage was the primary treatment. I use imputed conception year to represent a more accurate timing of minimum wage treatment. Regression analysis was conducted on both rate calculations. Post-neonatal mortality rates were then calculated based on infant age at the time of death. County mortality rates, birth and mother's characteristics are summarized in tables 1, 2 and 4 for both AC and CCP samples. Average county estimates of infant mortality rates are greater than national estimates since county estimates are right skewed. It is important to note that the study period, 1995 to 2013, exhibits relatively stable fertility rates in the general female population compared to downward secular trends prior to 1995 and more recent changes to the age composition of new mothers. (Ventura, 2001; Whelpton, 2015; Livingston, 2018) This reduces potentially confounding effects of fertility changes in my analysis.
Annual state and federal minimum wages for non-farm employment were collected from the US Department of Labor's Wage and Hour Division (WHD) from 1995 to 2013. Data on San Francisco County minimum wage ordinance was collected from the San Francisco Office of Labor Standards and Enforcement (LSE).
5 I define the effective minimum wage as the higher of the state and federal minimum wage level observed at the beginning of the calendar year. Changes in the effective minimum wage per county originate from four sources: federal legislation, state legislation, state inflation trends, and local cost-of-living changes. Absent either federal or state legislative increases in the minimum wage, the inflation-adjusted minimum wage will decline over time due to state level price trends. State annual inflation data was collected from the US Bureau of Economic Analysis (BEA) for years 1997 to 2013. Cost-of-living (COL) adjusted minimum wage at the county level will vary over time based on changes to median rent prices. I used estimated county-level changes in rent prices from the US Department of Housing and Urban Development's (HUD) annual estimates of Fair Market Rents, which is used by the agency to determine benefits under the Housing Choice Voucher Program (commonly known as Section 8). HUD data was used to calculate the ratio of full-time nominal minimum wage earnings per month before taxes to fair market rents. I study the effect of both the real state minimum wage level (adjusted for 2009 state dollars) and full time minimum wage earnings to fair market rents on infant mortality rates. This is the first paper to use median rent price at the county level to measure the purchasing power of the minimum wage in this literature.
The unadjusted minimum wage ranged from $4.25 to $10.55, while the state inflationadjusted minimum wage ranged from $5.23 to $9.74 throughout the sample. Full-time minimum wage earnings to fair market rents ranged from 0.64 to 2.66. Figure 1 and 2 show the county mean and median trends in both minimum wage measures. From 1995 to 2013, two significant increases in mean county minimum wage are due to federally legislated wage hikes. The average state minimum wage decreased between 1998 to 2006, and 2010 to 2013 due to inflation and local COL trends. The number of states (including District of Columbia) with minimum wage laws set above the federal level increased from 8 at the beginning of the period to 21 at the end of the period. The federal minimum wage increased six times during the sample period but affected only a subset of states. Affected states had state minimum wage laws below the new federal mandates or never enacted their own state minimum wage. This included 42 states in 1996, 47 states in 1997, 44 states in 1998, 21 states in 2008, 27 states in 2009, and 32 states in 2010. All counties in the dataset experienced both an increase and decreases in the minimum wage for both the real state minimum wage level and local COL adjusted minimum wage.
Covariates
Covariates in my statistical analysis included income, poverty, and state welfare and tax policies. County-level data on median household income and percent of related children in families in poverty was collected from the US Census Bureau Small Area Income and Poverty Estimates (SAIPE). I adjusted median household income to 2009 state dollars. State level welfare and tax policies include, the Supplemental Nutrition Assistance Program (SNAP), Temporary Assistance for Needy Families (TANF), and the Earned Income Tax Credit (EITC) from the University of Kentucky's Center for Poverty Research (UKCPR) National Welfare Data 6 . SNAP and TANF are measured using maximum benefits for a family of four and adjusted for 2009 state dollars. EITC is measured using both benefits and whether the credit is refundable. Table 3 summarizes these variables for both the AC and CCP sample.
Identification Strategy
I now turn to the issues surrounding identification in the model and how they are addressed in this analysis. Limitations in the traditional approach to identification are addressed first. I then describe my preferred regression model how I construct counterfactual observations based on proximity.
Traditional Approach
The empirical challenge in this study, or in any study attempting to identify the relationship between an economic policy variable and population health, is that I cannot directly control the treatment intensity or observe the counterfactual outcome absent the treatment. It is impossible for econometric identification strategies of observational data to meet the standards expected in the medical literature-that is, results of randomized control trials (RCTs). For natural reasons, there are barriers in conducting an RCT to estimate the causal effect of the minimum wage on infant mortality rates. Therefore, I rely on other methodologies to approximate a causal framework.
The canonical two-way fixed effect estimator (TFE hereafter) has been employed by previous authors in this literature to identify the causal effect of the minimum wage on a variety of population health variables in the US. The specification of this type of model is described by the following equation:
where Y it is the population health outcome variable of interest for county, state, or province i at time t. δ i are county fixed effects that capture unobserved county-level characteristics that are consistent over time. Year fixed effects, ζ t capture unobserved changes in Y at the national level that vary over time but remain constant across all i. X it is a vector of time-varying county characteristics and relevant state policy variables. ε it is the disturbance term.
Equation 1 allows for the estimation of intermittent and variable treatment effects. Naturally, it has been the preferred model for US minimum wage studies. For studying single and continuous minimum wage treatments such as the introduction of the 1999 national minimum wage in the UK, the standard Difference-in-Difference (DID) model has been used. (Kronenberg et al., 2017; Lenhart, 2017; Reeves et al., 2017) In a balanced panel setting with a single treatment, the TFE and DID are identical.
The TFE estimator described above has a number of potential limitations. The estimation may be biased if there exist systematic relationships between the policy variable and other factors that may affect the outcome variables of interest in a given time period. Therefore, the econometric model assumes contemporaneous exogeneity, E(ε t |M W t ) = 0 for all t in the dataset. This potential problem can be addressed by including a rich set of observed time-varying covariates, as well as, a full set of state and year fixed effects. In addition, the TFE approach designates the treatment and control groups not based on random assignment, but based on whether the state's minimum wage increased or remained unchanged for a given period. For valid causal inferences to hold, equation 1 assumes that the treatment assignment for each county is ignorable conditional on the set of covariates included in the model. Moreover, the TFE approach is known to be a "quasi-experimental" research design in that it constructs counterfactual observations based on average national trends. Consequently, a potential limitation in this framework is that controlling for covariates and absent the minimum wage treatment, differences in Y it is fully captured by the county and year fixed effects-this is often referred to as the "parallel lines" assumption.
Time-varying Heterogeneity
A constant ζ t for all counties excludes the possibility of time-varying heterogeneity in the outcome variable. There are a number of reasons to believe that such heterogeneity exist with respect to infant mortality rates in the US. For instance, there are large variations in total births across US counties. (Simpson, 2008) Infant mortality rates will exhibit a high level of instability due to small changes in death counts in low birth counties while remaining relatively stable in highly populated counties. Consequently, ζ t will be less meaningful for a subset of observations. Further, it is well known in the epidemiology literature that population health outcomes are not randomly distributed across space. (Pfeiffer et al., 2008) Factors associated with birth outcomes such as prenatal stress, nutritional and lifestyle habits, healthcare utilization, environmental conditions and high pollution periods vary greatly by region. (Bhargavan, 2005; Currie et al., 2009; King, 2012; Obisesan, 2000; Pope, 2009; Willet, 2012) Additionally, in a recent large-scale study published in Nature, Leslie et al. (2015) found that there is significant local clustering of the genetic composition of the UK population. It is plausible that a similar phenomenon may exist in the US-though such a study has not yet been conducted to the knowledge of the author. Genetic clustering implies that variations in Y between spatially distant counties with different treatment intensities are not appropriate comparators since these populations are genetically different and may face different health risks. Not suprisingly, infant mortality rates in the US have been shown to be spatially correlated at the county level. (Banerjee et al., 2003) Moreover, determinants of infant health are broad and there may be numerous additional unobserved variables that vary by region and time that cannot be fully accounted for. It is thus unlikely that the parallel lines assumption of the TFE is valid for this study.
Accounting for heterogeneous trends in health outcomes have been shown to be nontrivial. Meltzer and Chen (2011) found that minimum wage increases were negatively associated with obesity using the canonical TFE estimator. Cotti and Teft (2013) reexamined this relationship using the same dataset and found the opposite result after modifying equation 1 to include county specific time trends such that,
However, there is no reason to assume that within-county time-varying heterogeneity, 
The abovementioned reporting of opposite-signed coefficients using the same datasets with small regression modifications is not surprising, since the inclusion of even a single functional time element in equation 1 changes the counterfactual outcome for all the treated observations in the sample. The sensitivity of the coefficients observed in these studies highlights the need for a sound research design.
Spatial Discontinuity
An estimation method that allows for local time-varying heterogeneity has been proposed as a credible research design for minimum wage studies. (Allegreto et al. 2013 ) Indeed, a a number of recent studies have used neighboring counties near state borders with policy discontinuities as local treatment and control populations to account for time-varying heterogeneity and mimic a randomized experiment. (Boone et al., 2016; Dube et al., 2010; Holmes, 1998; Rohlin, 2011) The highly cited 1994 paper by Card and Krueger was one of the first to use counterfactual observations based on proximity. Card and Krueger (1994) compared employment changes in fast food restaurants in New Jersey before and after a minimum wage increase using employment trends in fast food restaurants in Eastern Pennsylvania as local controls.
I generalize the Card and Krueger (1994) study for the entire contiguous continental US. Specifically, I follow closely the estimation strategy presented by Dube et al. (2010) , which is similar to a regression discontinuity design where treatment is determined by state boundaries instead of a threshold predictor variable. To do this, I examine a subsample of US counties that are contiguous to a state border and use neighboring counties in the opposing state with a lower minimum wage as local control populations-CCP sample described above. Figure 3 illustrates the CCP sample in our study. I estimate the following regression specification for both infant and post-neonatal mortality rates among different groups of mothers based on education:
Y ipt is the natural log of infant mortality rates for county i at time t in county-pair p. The above model is equivalent to equation 1 except that I replace the constant year effects with a county-pair specific year effects, ζ pt . My preferred model allows for time-varying heterogeneity and does not impose a specific functional form of the time trends. In addition, each county will be observed in our model as many times as it can be paired with a cross-border county. Figure 3 displays a heat map indicating how many instances a county is paired with a cross-border county. Each pair represents a single case study where the treatment variable is the observed minimum wage. Multiple pairings are due to the disproportionate size of counties, wherein a large county will share a contiguous border with multiple cross-state counties of a smaller size. Also, counties at the corners of a state boundary will be paired with counties from multiple states. As noted by Dube et al. (2010) , multiple pairings of counties may introduce multi-dimensional correlation in the disturbance term. To account for this source of second-order bias, I cluster the standard errors in the CCP sample regressions by county and the state border segment. (See Cameron et al., (2011) for a discussion of multi-way clustering)
I first regress the log of infant mortality rates measured by birth and imputed conception year on the log of the effective real state minimum wage (adjusted for 2009 state specific dollars) and full-time minimum wage earnings to county fair market rents (COL adjusted) in equation 3. These results are then compared to estimates from regression equation 1 using the all-county sample. This procedure is then repeated for infant mortality rates among a subsample of lower-educated mothers, i.e. less than or equal to a high school education. Results from the lower-educated subsample in equation 3 are then compared to estimates of the minimum wage effect on infant mortality rates among infants born to college educated mothers. This serves as a falsification test, since I do not expect a significant relationship between minimum wage increases and infant health among the highly-educated mothers group. An insignificant relationship will validate a causal effect in my identification strategy by ruling out unobserved factors driving my results. I also estimate equation 1 and 3 for post-neonatal mortality rates for all and lower-educated mothers. I do not estimate equation 2 or its quadratic time trend equivalent because it is a special case of equation 3. I report the relationship between infant mortality rates and my two measures of the minimum wage with and without controls for income, poverty, and state welfare, cash transfer, and tax policies. Median household income in the regressions control for heterogeneous macroeconomic fluctuations across counties that may impact infant mortality rates over time. Related children in families in poverty will account for absolute disparities in infant health that persist in each county but may also vary over time. Relevant state policies that may affect infant health similar to the minimum wage included, SNAP, TANF, and the EITC. Previous contributions on the link between the minimum wage and infant mortality did not account for such confounding policies (Komro et al., 2016).
Results
Next, I describe the results. I begin with the estimated minimum wage effects on infant and post-neonatal mortality from the CCP sample analysis, followed by results of the AC sample. Then I present three robustness tests of my CCP estimates and conclude with a falsification test.
Main Findings
Results from the CCP sample estimates with local controls strongly link my COL adjusted minimum wage increases to reductions in infant mortality rates among lower-educated mothers. I find that a 10 percent increase in the COL adjusted minimum wage reduces infant mortality rates by 3.2 percent among lower-educated mothers. Reductions in infant mortality is concentrated in the post-neonatal period. A 10 percent increase in the COL adjusted minimum wage reduces post-neonatal mortality rates among all mothers between 3.2 to 4.4 percent. Estimates of the minimum wage effect on post-neonatal mortality reductions is slightly larger and more significant when studying post-neonates born to lower-educated mothers-a group more likely affected by minimum wage changes. The COL adjusted minimum wage produces more consistent and stable coefficient results compared to the state level price adjusted minimum wage. Estimates from the AC sample indicate that minimum wage increases are associated with infant mortality rates among all mothers. This finding is less plausible and not found in my preferred CCP sample estimates. My findings provide evidence that minimum wage increases are causally linked with improved infant survival and the magnitude of the effect is similar to prior contributions in this literature. (Komro et al., 2016) The concentration of the minimum wage effect in the post-neonatal period is consistent with prior work on the determinant of mortality between neonates and post-neonates in the US. (Chen et al., 2016) I also find that trends in infant mortality rates are countercyclical to aggregate income fluctuations. I find a strong negative association between infant mortality rates among all and lower-educated mothers with real median household income at the county level. This finding is consistent with the literature. (Baird et al., 2011) Additionally, I find that TANF is negatively associated with infant mortality rates throughout my regression analysis. SNAP is also negatively associated with infant mortality rates, but not significant at the 5 percent level for the majority of my regressions. This is not suprisisng since recent quasi-experimental evidence connects nutritional assistance programs to health gains of children in years 6-16. (East, 2018) Although prior work has found that the EITC is associated with modest reductions in the incidence of low birthweight, I do not find a consistent association between infant mortality and the EITC. (Hoynes et al., 2015) My empirical analysis further supports the utility of minimum wage increases as a health policy tool to improve infant health. Also, the relative importance of the TANF program compared to other welfare policies, and the countercyclical relation between infant mortality and aggregate income fluctuations at the county level are demonstrated.
All County Sample
Results of the canonical TFE estimator on the AC sample are reported in tables 5 -8 alongside the CCP estimates. In general, the minimum wage effect in the AC analysis is smaller in maginitude than what is estimated using the CCP sample with time-varying heterogeneity. In addition, the standard errors in the ACS are less than those of the CCP analysis throughout each set of regressions. Since two-way clustering was used in the CCP estimates, the higher variance can be attributable to positive correlation on both dimensions of the clustering with minimal correlation on the intersection of the two dimensions.
7 Moreover, the traditional approach indicates that minimum wage increases are associated with infant mortality rates among all mothers regardless of education level. In so far as the CCP sample regression provides more valid controls, my results could indicate that inferences based on the canonical TFE may increase the probability of committing Type I or Type II error.
Robustness Tests
Although the use of county-pair time effects in equation 3 provide relatively valid counterfactual outcomes, it unfortunately imposes a large set of parameter contraints on our estimation equations. The degrees of freedom is dramatically reduced by
. This issue has not been addressed by previous researches that have applied this method. I remedy this restriction on our estimation by replacing ζ pt in equation 3 with state border segment year effects. The proximity of counties that share a state border are sufficiently close so as to remain valid comparators. The degrees of freedom is significantly increased for all such estimates while still allowing for local time-varying heterogeneity. We present the results of this approach as a robustness check of the minimum wage effect on infant and post-neonatal mortality rates in table 9. I find that the state border segment specific time effect estimates produce similar results as my original regressions.
Previous authors have noted that neighboring counties in the western region of the US that share a state border cover large geographic areas and may not be valid local controls. (Dube et al., 2010) For example, San Bernadino County, California and Clark County, Nevada are two pairs in our CCP sample that span a large area. These two pairs cover a distance that stretches 30 miles from the Pacific coastline to the Southwest corner of Utah. The inclusion of distant county-pairs undermines our estimation strategy of using local controls. In order to address this issue, I estimate equation 3 with a subsample of county-pairs in which the centroid distance between them is less than 136.4 kilometers (95 th percentile). Figure 4 illustrates which county-pairs remain in our new sample after dropping distant counties. I find that my main estimation results are robust to this distance restriction as reported in table 10 .
As noted earlier, infant mortality rates are unstable in counties with low annual birth counts. Consequently, county-pair time effects will exhibit high variance and produce unrealistic counterfactuals for low-birth county-pairs. I partially solve this problem by transforming the infant mortality rates by its natural log and reducing the apparent skew in Y . Further, I estimate the minimum wage effect after removing from the CCP sample those counties with total births below the 5 th percentile (< 79 births) for a given year and report these results in table 10. Estimates in this county-pair sample are nearly identical to my original CCP sample.
Falsification Test
A forthcoming review of the minimum wage and health literature has stressed the importance of conducting falsification tests. (Leigh et al., 2018) If statistically significant effects are estimated for groups likely unaffected by minimum wage increases, then there may be unobserved forces outside the statistical model that are generating our results. For example, state legislatures that raise the minimum wage may also increase community health funding directed at prenatal or pediatric care. I therefore construct a falsification test using infant mortality rates among highly educated mothers (college degree or greater). I estimate equation 3 for both county-pair time effects and state border segment time effects. As noted earlier, an insignificant relationship between minimum wage increases and infant mortality rates among a likely-unaffected group of infants would further validate a causal relationship.
I find no statistically significant relationship between minimum wage increases and infant mortality among highle-educated mothers. Estimates of the minimum wage coefficient in my regressions ranged from -.3 to .089 with an average p-value of 0.65. These results are reported in table 11. I conclude that the minimum wage effect on infant mortality rates found in our analysis is not due to unobserved forces since we find no significant relationship between either the real or the cost-of-living adjusted minimum wage on infant mortality rates among highly-educated mothers.
Accounting for Zeros
Distribution of biomedical and population health data are often highly skewed. Two classical parametric approaches of dealing with such skew have been regularly employed:
(1) the use of non-linear models, and (2) transforming the outcome variable of interest by taking its natural log. Non-linear models have been a popular approach in the analysis of healthcare expenditures, while log transformation has been widely used in population health studies. Unfortunately, non-linear models are not ideal in this study due to the inclusion of two sets of fixed effects in my preferred estimation equation. Non-linear fixed effect models are known to be inconsistent when the time observation of a panel dataset is small relative to the cross-sectional unit-the "incidental parameter problem." (Greene, 2004) However, the approach employed in this paper, the log transformation of infant mortality rates, excludes any zero observations in my regressions. Twenty-four percent of the observations in the CCP sample consisted of a mortality rate of zero. To deal with this issue, I add a positive epsilon term to infant mortality rates before taking the natural log.
The addition of the epsilon term allows county observations where an infant death was not observed in a given year to be included in the regressions. I estimate equation 3 with Y ipt as the new outcome variable using imputed conception year mortality estimates. I find that when accounting for these zero mortality observations the minimum wage effect on infant and post-neonatal mortality rates are generally negative, but insignificant at the 5 percent level.
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The insignificant results were not expected given that the mean state inflation and COL adjusted minimum wage levels are higher for these zero infant mortality counties compared to the CCP sample. I also find that the total birth counts for these counties are significantly less than the CCP sample as a whole. A two-part model may be an interesting extension of my current methodology that could provide further insight on this issue.
Limitations
Although I argue that the CCP approach can be considered a reliable method to isolate the causal effect of the minimum wage, several factors warrant caution in this claim. First, there exists within-county differences in neighborhood structure that is unaccounted for in my analysis. Studies have continuously found significant "neighborhood effects" on a variety of health outcomes. (Diez Roux, 2001; Diez Roux and Mair, 2010; Meijer et al., 2012; Smith and Waitzman, 1997; Waitzman and Smith, 1998A, 1998B) . It is not possible to control for such neighborhood effects with the data utilized in this paper. Furthermore, the CCP sample consists mainly of rural and low population density counties. This fact prevents the collection of a rich set of relevant covariates from publically available datasets such as the Integrated Public Use Microdata Series (IPUMS). Even so, this limitation is partially attenuated in the model since we use local control populations. Allegreto et al. (2013) demonstrated that cross-border counties better reduce potential omitted variable bias than non-contiguous pairs in key labor market covariates. Their findings apply to this paper.
Treatment intensity of the minimum wage is limited by actual variation in policy and local price trends. Generalizability of my findings is thereby limited to the observed minimum wage variation in the study period and may not predict out-of-sample policy changes. Moreover, my estimates are based on an intent-to-treat approach using county residence of mothers on the birth certificate for the minimum wage treatment. It is possible that minimum wage workers will commute across state lines given minimum wage discontinuities between county-pairs. This is a major limitation as I do not have data on the employment location of mothers or members of their household. This issue is partially attenuated by the fact that minimum wage hikes across state borders must be greater than the travel and time costs of commuters, which is unlikely given the limited year-over-year variation in the minimum wage. However, I cannot rule out cross-state commuting to access healthcare services.
Another limitation of this study is that minimum wage variation due to legislative changes could be correlated with other state-level policies that may also impact health. For example, a state legislature that increases the minimum wage may also increase funding for community health programs that will improve infant health outcomes. This problem is limited since such policies are not systematically introduced for all minimum wage legislative changes across states. Moreover, state welfare and tax policies used as model covariates are likely correlated with such omitted policy variables. Finally, about a third of the educational attainment data of mothers was missing in the Linked Birth/Infant Death records. Missing data reduces the reliability of the estimated minimum wage effect by education of mothers. Consequently, my findings that minimum wage increases have an effect on infant mortality rates among all mothers could be driven by improvements in infant survival of lower-educated mothers of which education data is missing.
Conclusion
In this paper, I estimated the impact of minimum wage increases on infant and postneonatal mortality rates using a quasi-experimental identification strategy that generalized local case studies for the entire contiguous continental US. I addressed the shortcomings of the traditional approach in the minimum wage and health literature using pairs of contiguous counties across state borders to isolate a causal effect. Principally, my approach addressed the well-known parallel lines problem by including time-varying heterogeneous year effects by county-pairs, as well as shared state border segments. To my knowledge, this is the first paper in the literature to do this.
Using the CCP sample estimates, I find that minimum wage discontinuities across state borders and within-state ordinance reduce infant mortality rates among lower-educated mothers. This effect was found to be concentrated in the post-neonatal period. My results were shown to be robust to the exclusion of geographically distant county-pairs and for a subsample of counties above the 5 th percentile of total births per year. I partially solved the degrees of freedom problem previously unaddressed by also using state border segment year effects instead of county-pair year effects. A falsification test negated the possibility of unobserved factors producing the results found in my analysis and bolstered the case for a causal relationship. My preferred estimation strategy suggested that the canonical TFE model may understate the minimum wage effect and increases the possibility of Type I and Type II error. However, both approaches indicated that the minimum wage can be applied as a public health policy tool to improve infant health outcomes.
Recent work by Komro et al. (2016) , which also studied the minimum wage effect on infant mortality rates, found similar results to this paper. Komro et al. used state level data and employed the canonical TFE estimator discussed in section 5. They reported a 3.6 to 4.9 percent reduction in post-neonatal mortality rates per $1 increase in the minimum wage. My study provides further insight on the minimum wage and infant mortality relationship in several ways. I used disaggregated data in my regressions by examining infant mortality rates at the county level instead of state level aggregates. I estimated county infant mortality rates by both birth and imputed conception year to capture minimum wage treatment during the gestational period. I used both real state minimum wage and local COL adjusted minimum wage rather than nominal minimum wage above the federal level in my regressions. Local counterfactual estimates were employed in my identification strategy and several robustness tests were conducted. I also compared the minimum wage effect among lower-educated and highly-educated mothers in order to rule out unobserved factors driving the results. Moreover, a parallel literature on the impact of EITC on infant health necessitates controlling for this important policy variable in the statistical analysis. (Hoynes et al., 2015; Strully et al., 2010) I control for EITC, as well as, SNAP and TANF which are also potential policy confounders. My findings and the previous contribution by Komro and colleagues provide evidence that minimum wage increases improve infant survival.
There are several possible extensions to this paper. Recent increases in the minimum wage at the county and city levels provide an opportunity to reexamine the minimum wage effect using the CCP approach over a broader range of minimum wage treatments within states. Application of the CCP sample estimation strategy may clarify currently unresolved empirical relationships between economic policy variables and population health. Specifically, the opposite signed results in the effect of minimum wage on obesity rates discussed earlier is a promising extension. In addition, I find that variation in TANF across states was consistently associated with reductions in infant mortality rates. Further study of the relationship between TANF and infant health may support increases in such effective welfare interventions.
Although I have shown robust evidence that minimum wage increases, on net, reduce infant mortality rates among lower-educated mothers, little is known about the direct causal link. Using the identification strategy employed in this paper to investigate the effect of the minimum wage on birthweight, gestational length, smoking during gestation, prenatal care services, and initiation of prenatal care would provide a better understanding of how minimum wage increases improve infant health.
In this study, I differentiated mothers by level of education to approximate likely affected and unaffected groups. An alternative approach would be to differentiate by age. Specifically, studying the minimum wage effect on infant mortality rates among teenage mothers and compare them to the older female population. I chose not to do this in this study since there is evidence that minimum wage increases are associated with reductions in adolescent fertility rates. (Bullinger, 2017) This would potentially bias our results because age of mothers is an outcome variable. Lastly, studying the minimum wage effect on the health status of mothers during gestation may provide additional insight on the precise channel of the minimum wage effect on infant mortality rates.
The debate around the minimum wage and its efficacy on raising household incomes, disemployment effects on low-skilled workers, and reducing poverty is still a contentious issue. The evidence I present in this paper expands the ongoing debate in the literature by providing insight on the non-economic impact of minimum wage increases. The current value of a statistical life used for policy evaluations in the US is substantial ($9.2 million). (Thompson and Monie, 2015) This implies that the benefits of preventing infant deaths would far outweigh costs associated with modest disemployment effects or short-term decreases in incomes due to reductions in working hours. Note. County summary data estimated by the author. Premature is defined as percentage of live births with gestational age < 37 weeks. Low birthweight and very low birthweight were defined as percentage of babies weighing less than < 2, 500 grams < 1, 500 grams at birth, respectively. Note. County summary data estimated by the author. Real effective minimum wage was adjusted for inflation using 2009 state dollars. Minimum wage to fair market rents were calulated as full time before tax nominal monthly minimum wage earning to fair market rents. Summary statistics of infant mortality rates exclude observations where there were no recorded deaths in a particular county in a given year since these estimates were will not be included in our regression sample after log transformation. . SNAP and TANF are measured using maximum benefits for a family of four and adjusted for 2009 state dollars. EITC is measured using both benefits and whether the credit is refundable. **p < 0.1; **p < 0.05; ***p < 0.001. 19,663 17,718 20,834 17,684 7,672 6,124 7,502 6,120 N conception−year 18,836 17,121 20,237 17,090 7,142 5,758 7,038 5,754 Standard errors reported in parentheses. Two-way clustering is based on county and state border dimensions. Income and poverty covariates included natural log of average real median household income adjusted for 2009 state specific dollars, and percent of related children in families in poverty. State policies include state level welfare and tax policies: Supplemental Nutrition Assistance Program (SNAP), Temporary Assistance for Needy Families (TANF), and the Earned Income Tax Credit (EITC). SNAP and TANF are measured using maximum benefits for a family of four and adjusted for 2009 state dollars. EITC is measured using both benefits and whether the credit is refundable. **p < 0.1; **p < 0.05; ***p < 0.001. Two-way cluster robust standard errors reported in parentheses. Each regression controls for the full set of covariates including, median household income, related children in families in poverty rate, SNAP, TANF, and the EITC benefits and whether the credit is refundable. County fixed effects and State border segment specific year effects were included in each regression. **p < 0.1; **p < 0.05; ***p < 0.001. Standard errors reported in parentheses. Two-way clustering is based on county and state border dimensions. Income and poverty covariates included natural log of average real median household income adjusted for 2009 state specific dollars, and percent of related children in families in poverty. State policies include state level welfare and tax policies: Supplemental Nutrition Assistance Program (SNAP), Temporary Assistance for Needy Families (TANF), and the Earned Income Tax Credit (EITC). SNAP and TANF are measured using maximum benefits for a family of four and adjusted for 2009 state dollars. EITC is measured using both benefits and whether the credit is refundable. **p < 0.1; **p < 0.05; ***p < 0.001. Two-way cluster robust standard errors reported in parentheses. Each regression controls for the full set of covariates including, median household income, related children in families in poverty rate, SNAP, TANF, and the EITC benefits and whether the credit is refundable. County fixed effects were included in each regression. **p < 0.1; **p < 0.05; ***p < 0.001.
